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Abstract  
 
This paper surveys the relevant operations research literature on timetabling and resource allocation 
problems with a special attention paid to the transportation systems. The purpose of this review is to define 
the critical objectives, determine the key components and identify the key issues for developing a 
comprehensive mathematical model for timetabling of light rail transit vehicles in sequence with the 
assignment of drivers as an available resource. In doing so, the implications of the emerging timetabling 
research is discussed, components of the mathematical models proposed are reviewed, and the extend they 
reflect real business practices are analyzed. Finally, fundamental issues and primary elements of a simple 
model in association with general timetabling and resource allocation problems are presented. 
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1. INTRODUCTION 
This research focuses on public transportation, since it is important to raise the capacity of public 
transportation and quality of service at reasonable cost, in order to prevent problems caused by individual 
means of transport such as pollution, congestion and social discrimination [1]. 
The most essential schedule of transportation systems is the timetable [20]. Constructing a timetable is 
part of the overall transit planning process, a choice of service frequency for each route, and allocations of 
vehicles and crews to routes [25]. For example a train timetable defines the planned arrival and departure 
times of trains to/from yards, terminals and sidings, and train scheduling plays a vital role in managing and 
operating complex railroad systems [33]. Several approaches have been used to solve timetabling problems up 
to now. Simulation [21], [30], linear programming [29] and metaheuristics [20] are used for railway 
timetabling. Evolutionary algorithms have been applied with very good results to various types of timetabling 
problems [2], [10], [15], [8], [4]. Also, metaheuristics have become increasingly popular in the field of 
automated timetabling [20],[22].  
In this paper, the scope is preparing a model for timetables and assignment of resources (trains and 
operators) for light rail transit vehicles. Timetabling and crew scheduling are major planning problems for 
railway companies at operational and short-term level [19].  This paper is concentrated on, only operational 
level timetabling and resource assignment problems. Moreover, only models and techniques used in passenger 
transportation which is completely different from freight transportations are focused on.  
 
2. LITERATURE REVIEW 
Timetabling is the process of assigning events, and resources, to timeslots subject to constraints [33],[6]. 
Most of the time-tabling problems belong to the class of NP-hard problems, as no deterministic polynomial 
algorithm exists [10].  Large variety of solving techniques has been tried out in literature for solution of 
timetabling problems [7]. 
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 Personnel scheduling problems involve the allocation of staff to timeslots and possibly locations [32]. 
Personnel scheduling covers many areas, such as the nurse rostering [5], transportation staff scheduling [33], 
educational institute staff scheduling [24] and airline crew scheduling [14]. 
2.1. Timetabling 
The tasks of public transportation are to meet the increasing demands of all kinds of passengers by high 
quality of service based on limited number of vehicles [11]. Up to now, for the solution of timetable 
scheduling problems, simulation [21], [30], simulated annealing [27], genetic algorithms [2], tabu search [10], 
hybrid genetic algorithms [11], linear programming [29], integer programming [16],  heuristics [18] and 
mixed-integer programming [31] methods have been used. 
On the other hand, the studies made for personnel scheduling studies are generally based on fixed 
schedule assumption and make resource scheduling accordingly [23], [11], [3], [17], [16], [13]. These 
personnel scheduling problems involve the allocation of staff to timeslots and possibly locations.  
There is limited literature which solves timetable scheduling and resource assignment problem 
interactively. There are three studies which propose timetabling together with consideration of resource 
constraints. (1)  Cowling et al. [12] developed a hyper-GA for scheduling geographically distributed training 
staff and courses. They aimed to maximize the total priority of courses which are delivered in the period while 
minimizing the amount of travel for each trainer. (2) Sigl et al. [28] determined the quality of timetable by 
earliness of scheduled classes. Here, a genetic algorithm is employed to schedule classes as early in the 
morning as possible, while minimizing the number of holes in a students schedule. Minimizing the number of 
conflicts is achieved by number of conflict by a large number K and then selecting the best individuals in a 
population according to smallest fitness value. Instructors and rooms are considered as hard constraints. (3) 
Walker et al. [31] developed a recovery model which involves two related processes: (a) determination of a 
revised or amended train schedule; (b) involving the adjustment or repair of the associated driver duties. Their 
models objective is to minimize deviation from the existing schedule while incurring as little cost increase as 
possible. Their research is mainly about short-term level timetabling. For this purpose, an integer 
programming model is developed to resolve disruptions to an operating schedule in the rail industry. The 
model constrained with two distinct blocks, with separate variables and constraints. These blocks are coupled 
by piece of work sequencing constraints and shift length constraints which involve variables from both blocks. 
In this paper, the timetabling problem is modeled simultaneously with resource assignment problem. The 
constraints and demand structure is different and specific to the problem area, which is light-rail 
transportation.  
3. FUNDAMENTAL ISSUES OF PROPOSED MODEL  
Modeling focuses on an operational-term timetabling of light-rail transit considering double track, with a 
number of intermediate stations in between. The operational and physical constraints are defined to reflect the 
real world applications. Therefore, in addition to literature driven criteria, model development stage has also 
employed information provided by the operators of the light-rail transportation system of Istanbul.  
The purpose is set as: "to develop optimal timetables and personnel schedules for light-rail transit". The 
system is composed of two sub-problems: the timetable problem and personnel scheduling problem. A model, 
with an objective of minimizing average passenger travel time and minimizing number of trains required, is 
developed.  
3.1 Model Parameters 
• Number of vehicles: Total number of vehicles available for timetabling [32]. 
• Vehicle capacity: Passenger capacity of vehicle. 
• Trip start and finish hours 
• Number of machinists 
• Maximum daily working hour of machinists 
• Maximum duration that a machinist can be on train. 
• Headway time: Minimum time difference between the departure of train from a station and arrival of 
next train to the same station [32]. 
• Minimum dwell time of stations: Minimum dwell times changes for each station 
• Maximum dwell time of stations: Maximum dwell times changes for each station 
• Minimum run time: Minimum time that a train needs to cover distance between two stations because 
of speed limits [26]. 
• Inflow of passengers: Number of passengers coming to a specific station between specific time 
intervals.  
• Outflow of passengers: Number of passengers leaving a specific station between specific time 
intervals.  
• Constant multipliers for average travel time and train number. 
• Number of machinists: Available maximum machinist number as full time/part-time. 
 
3.2. Model Variables 
• Train index: Train index increases for each trip [32]. 
• Station index: Station index shows the sequence of stations according to path of trains [33]. 
• Trip start time of train: Time that a train start its trip. 
• Arrival time of train: Arrival time of a train to a specific station [33]. 
• Departure time of train: Departure time of a train from a specific station [33]. 
• Run time: Travel time of train between two stations [20]. 
• Passenger travel time: Duration of a passengers time on train [9]. 
• Number of passengers at station: Number of passengers at a specific station for a specific time 
interval. 
• Number of passengers on train at a station: Number of passengers on train at a specific station for a 
specific time interval. 
• Binary variable for assignment of machinists: This variable takes value 1 is machinist is assigned to a 
train, 0 otherwise. 
• Trip duration: Duration of trip for each train. 
• Total working hour of each machinist: Total duration of machinist at work. 
• Total driving hour of each machinist: Total duration of machinist on train for each day. 
• Required machinist quantity for each day: Machinist quantity changes according to number of trips 
scheduled. 
3.3 Model Constraints 
Previous literature discussed in the above sections have suggested certain constraints specific to rail 
transportation models. In addition, interviews with IBB light-rail system operators have proposed 
consideration of specific criterias.  
 
1. Number of passengers on train at a specific time interval must be smaller than the maximum 
passenger capacity of train. 
2. The departure time of first train from the first station must be greater or equal to start hour of trips. 
3. Arrival time of final train to the final station at final trip must be smaller than finish hour of trips. 
4. The time difference between departure and arrival of a train at a specific station must be greater than  
minimum dwell time and must be smaller than maximum dwell time. 
5. A trains arrival time to a station must be greater or equal to the time of departure from the previous 
station plus headway time. 
6. Travel duration between two stations must be greater than minimum travel duration between stations 
according to speed limits. 
7. Travel time of a passenger is equal to run time of train between stations plus time difference between 
arrival time of passenger to the station and arrival time of train to the station. 
8. Total working hour of each machinist must be smaller than maximum daily working hour. 
9. Total driving hour of each machinist must be smaller than maximum daily driving hour. 
10.  When a machinist is assigned to a trip it could not be assigned to the following trip on the same train. 
11. Total trip duration for each trip is equal to time difference between arrival time of train to final station 
minus departure time of train from the first station. 
12.  Total driving hour for each machinist is equal to sum of total trip durations times binary variable 
about assignment of related machinist. 
13.  Total working hour of each machinist is equal to total driving hour of each machinist plus walking 
durations to the trains plus rest hours such as lunch, coffe breaks. 
14.  Total Passenger quantity on train, at specific station for a specific time interval equal to passenger 
quantity on train at previous station plus inflow of passenger to the station minus outflow of 
passengers from the station. 
 
3.4 Critical Objectives  
The time a passenger spends waiting is a very critical element for evaluating passenger service level. 
Typically, a railway passenger faces different types of waiting due to different causes. For instance, when 
connections are not properly scheduled, a passenger will have to wait a long time between trains. Trains 
running behind schedule will also create waiting times. During rush hours most of the trains meet with some 
considerable delay. Thus, an actual travel time take during rush hour is typically longer than the ideal running 
time [29].  
The objective of the model is to minimize the average travel time of passenger(s) and minimize number of 
trains. 
 
! Objective: Minimize average travel time of passenger(s) times constant multiplier 1 plus number of 
trains times constant multiplier 2. 
 
 
3.5 Assumptions  
1. The Demand data is measured at certain time-intervals so the trip frequency is determined at this 
frequency. 
2. Waiting time at platforms are decided according to number of passengers. There must be upper and lower 
limits for waiting times at stations. 
3. The vehicles must stop at all intermediate stations. The dwelling time among every station might not be 
same. The length of dwelling time depends on predicted volume of passenger flow (Chang and Chung, 
2005). 
4. It is assumed that machinists should not make two consecutive trips.  
5. It is assumed that passengers arriving to the stations will take the first train   
 
4. CONCLUSION AND FUTURE WORK 
It is obvious that, nowadays, efficient public transportation is a critical task for metropols. Yet, previous 
research that considers resource assignments in timetabling is limited. This paper has developed a model that 
includes the critical objectives and key components specific for timetabling of light rail transit vehicles. 
Simultaneously, assignment of machinist has also been considered. It has been revealed that light-rail 
transportation has its own set of constraints such as headway and dwell times. In addition, there are other 
human factors such as machinist rest hours and unavailability for consecutive rides. It was uncovered that the 
objective function should include both the service level objective (minimizing passenger travel time) and the 
operational objective (minimizing the number of trains). 
Future research should focus on solving the model, validating the model via simulation  and verifying the 
results.  
 
 
Acknowledgement: We are very thankful to Istanbul Metropolitan Municipality for acting as a sponsoring 
agency of this research through Projem Istanbul research fund. 
REFERENCES 
[1] Abbas-Turki, A.A., Grunder, O. and El-Moudni, A., 2003, Periodic event scheduling based on controlled stochastic 
Petri net,  Proceedings of the 35th Southeastern Symposium,  pp. 386-391.  
[2] Adamidis, P. and Arapakis, P., 1999, Evolutionary Algorithms in Lecture Timetabling, Evolutionary Computation 
Conference Proceedings, Vol. 2, pp.1145-1151. 
[3] Alfares, H.K., 1999, Aircraft maintenance workforce scheduling, Journal of Quality in Maintenance Engineering, 
Vol. 5, pp. 78-88. 
[4] Beligiannis, G., Moschopoulos, C.N., Kaperonis, G.P., Likothanassis, S.D., 2008, Applying evolutionary 
computation to the school timetabling problem: The Greek case, Computers & Operations Research, Vol. 35, 
pp.1265-1280. 
[5] Burke, E.K, Cowling, P.I., Causmaecker, P. and Berghe, G.V., 2001, A Memetic Approach to the Nurse Rostering 
Problem, Applied Intelligence, Vol. 15 (3), pp. 199-214. 
[6] Burke, E.K, Eliman, Petrovic, S., 2002, Recent research directions in automated timetabling, European Journal of 
Operational Research, Vol. 140, pp. 266-280. 
[7] Burke, E.K and Trick, M., 2005, Semantic Components for Timetabling, PATAT 2004, LNCS 3616, Springer-
Verlag Berlin Heidelberg, pp. 17-33.  
[8] Carrasco, M.P. and Pato M.V., 2004, A Comparison of discrete and continuous neural network approaches to solve 
the class/teacher timetabling problem, European Journal of Operational Research, Vol. 153, pp. 65-79. 
[9] Chang, S.C. and Chung, Y.C., 2005, From timetabling to train regulation-a new train operation model, Information 
and Software Technology, Vol. 47, pp. 575-585. 
[10] Chu, S.C. and Fang H.L., 1999, Genetic Algorithms vs. Tabu search in timetable scheduling, 3rd Internatonal 
Conference on Knowledge-Based Intelligent Information engineering systems, pp.492-495. 
[11] Chu, S.C.K and Chan E.C.H., 1998, Crew Scheduling of Light Rail Transit in Hong Kong: From Modeling to 
Implementation, Computers Operations Research, Vol. 25(11), pp. 887-894. 
[12] Cowling, P., Kendall, G. and Han, L., 2002, An Investigation of a Hyperheuristic Genetic Algorithm Applied to a 
Trainer Scheduling Problem, Proceedings of the Evolutionary Computation, Vol. 2, pp.1185-1190. 
[13] Deblaere, F., Demeulemeester, E., Herroelen, W. And Vonder S., 2007, Robust Resource Allocation Decisions in 
Resource-Constrained Projects, Decision Sciences, Vol. 38(1), pp. 5-33. 
[14] Emden-Weinert, T. and Proksch, M., 1999, Best Practice Simulated Annealing For The Airline Crew Scheduling 
Problem, Journal of Heuristics, Vol. 5, pp. 419-436. 
[15] Feizhou, Z., Donkai, Y., 2003, Intelligent Scheduling of Public Traffic Vehicles based on Hybrid Genetic 
Algorithm, European Journal of Operational Research, Vol. 167, pp. 320  335. 
[16] Felici, G., and Mecoli, M., 2007, Resource assignment with preference conditions, European Journal of 
Operational Research, Vol. 180, pp. 519-531. 
[17] Gomes, M.C., Cavique, L. And Themido, I., 2006, The Crew timetabling problem: An extension of the crew 
scheduling problem, Annals of Operations Research, Vol. 144, pp. 111-132. 
[18] Head, C. and Shaban, S., 2007, A heuristic approach to simultaneous course/student timetabling, Computers & 
Operations Research, Vol. 34, pp. 919-933. 
[19] Huisman, D., Kroon, L.G., Ramon, M.L. and Vromans, M.J.C.M., 2005, Operations Research in passenger railway 
transportation, Statistica Neerlandica, Vol. 59(4), pp. 467-497. 
[20] Isaai, M.Y. and Singh, M.G., 2001, Hybrid applications of constraint satisfaction and meta-heuristics to railway 
timetabling: a comparative study, IEEE Transactions on systems, man and cybernetics-part c: Applications and 
reviews, Vol. 31(1), pp. 87-95. 
[21] Komaya, K., 1991, A new simulation method and its application to knowledge-based systems for railway 
scheduling, Proceedings of the Railroad Conference, pp. 59-66. 
[22] Lewis, R., 2007, A survey of meta-heuristic based techniques for University Timetabling problems, OR 
Spectrum, Springer Berlin. 
[23] Liao, C.J., Kao, C.Y., 1997, Scheduling nursing personnel on a microcomputer, Health ManPower Management, 
Vol. 23 (3), pp. 100-106. 
[24] Schaerf, A., 1999, Local Search Techniques for Large High School Timetabling, IEEE Transactions on Systems, 
Man and Cybernetics Part A: systems and human, Vol. 29 (1), pp. 368-377 
[25] Semet, Y. and Schoenauer, M., 2005, An Efficient Memetic, Permutation-based Evolutionary Algorithm for Real-
World Train Timetabling, IEEE, Vol. 3, pp. 2752-2759. 
[26] Sheung, J., Fan, A. and Tang, A., 1993, Timetabling using genetic algorithm and simulated annealing, 
Proceedings Computer, Communication, Control and Power Engineering, Vol. 1, pp.448-451. 
[27] Sigl, B., Golub, M. And Mornar V., 2003, Solving time-table scheduling problem using genetic algorithms, 
Proceedings of the 25th International Conference, pp.519-524. 
[28] Vansteenwegen, P. and Oudheusden, D., 2006, Developing railway timetables which guarantee a beter service, 
European Journal of Operations Research, Vol. 173, pp. 337-350.  
[29] Vromans, M.J.C.M., Dekkert, R. and Kroon, L.G., 2006, Reliability and heterogeneity of railway services, 
European Journal of Operations Research, Vol. 172, pp. 647-665.  
[30] Walker, C.G., Snowdon J.N. and Ryan, D.M., 2005, Simultaneous disruption recovery of a train timetable and 
crew roster in real time, Computers and Operations Research, Vol. 32, pp. 2077-2094. 
[31] Yakoob S.M and Sherali, H.D, 2007,  Mixed-integer programming models for an employee scheduling problem 
with multiple shifts and work locations, Annals of Operations Research, Vol. 155 (1), pp.119-142. 
[32] Zhou, X. and Zhong, M., 2005, Bicriteria train scheduling for high-speed passenger railroad planning 
applications, European Journal of Operations Research, Vol. 167, pp. 752-771.  
[33] Zhou, X. and Zhong, M., 2007, Single-track train timetabling with guaranteed optimality: Branch-and-bound 
algorithms with enhanced lower bounds, Transportation Research Part B, pp. 320-341.  
 
